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COMPOUND DOMINO LOGIC CIRCUIT 
HAVING OUTPUT NOISE ELIMINATION 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates to semiconductor circuits in 

general, and in particular to domino logic circuits. Still more 
particularly, the present invention relates to a compound 
domino logic circuit having output noise elimination. 

2. Description of the Prior Art 
A domino logic circuit simpli?es digital logic by con 

necting a number of transistors together in series to imple 
ment digital combination logic. For example, a domino logic 
circuit implements a logic AND function by cascading a 
p-channel transistor With several n-channel input transistors 
in series betWeen a poWer supply and ground. During 
operation, the p-channel transistor is clocked to precharge an 
output node of the circuit to a predetermined logic state. 
Depending on the logic state at the inputs of the n-channel 
input transistors, the output node either remains at its 
precharged state or is pulled loW through the series of 
n-channel input transistors connected to ground. 

It is quite common for logic gates, such as AND, OR, and 
their combinations, in certain high performance logic con 
trol circuits to have a large number of inputs. HoWever, due 
to current technology limitations, it is impractical to stack 
more than four input transistors in a simple domino logic 
circuit con?guration for supporting a large number of inputs; 
hence typically, a compound domino logic circuit structure 
having a large fan-in is utiliZed instead. Due to the siZe and 
the stacked con?guration of the p-channel transistors at the 
output of a compound domino logic circuit, a charge sharing 
problem may occur at the nodes betWeen the p-channel 
transistors. Consequently, it is desirable to provide a solution 
to the charge sharing problem in a compound domino logic 
circuit Without adding noise to the output. 

SUMMARY OF THE INVENTION 

In accordance With a preferred embodiment of the present 
invention, a compound domino logic circuit includes at least 
tWo trees of logic devices arranged in parallel, With each tree 
having a precharge transistor connected to a poWer supply, 
and one or more input transistors coupled betWeen the 
precharge transistor and ground. The precharge transistor 
receives a clock input While each of the one or more input 
transistors receives a signal input. The compound domino 
logic circuit also includes a logic gate coupled to the 
precharge transistor to produce a signal output. The logic 
gate includes at least tWo transistors connected in series. 
Further, an adjustment transistor is coupled to a node 
betWeen the tWo transistors to ground. 

All features and advantages of the present invention Will 
become apparent in the folloWing detailed Written descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention itself, as Well as a preferred mode of use, 
further objects, and advantages thereof, Will best be under 
stood by reference to the folloWing detailed description of an 
illustrative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

FIG. 1 is a circuit diagram of a conventional simple 
domino logic circuit having a single output; 

FIG. 2 is a circuit diagram of a compound domino logic 
circuit of a 12-input AND function, in accordance With the 
prior art; 
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2 
FIG. 3 is a circuit diagram of a compound domino logic 

circuit of a 12-input AND function, in accordance With a 
preferred embodiment of the present invention; and 

FIG. 4 is a graphical depiction of several eXemplary 
Waveforms. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

In high performance processor control and data How 
structures, it is quite common for logic gates, such as AND, 
OR, and their combinations, to have a large number of 
inputs. HoWever, it is impractical to stack more than four or 
?ve transistors in a simple domino logic circuit con?gura 
tion for providing such a large number of inputs. Thus, a 
compound domino logic circuit structure having a large 
fan-in is utiliZed instead. Although compound domino logic 
circuits have some advantages over simple domino logic 
circuits, the speed of compound domino logic circuit outputs 
is relatively sloWer, particularly When p-channel transistors 
are stacked together, such as in an AND gate implementa 
tion. 

Referring noW to the draWings and in particular to FIG. 1, 
there is illustrated a conventional simple domino logic 
circuit having a single output. Conventional simple domino 
logic circuit 10 includes a pull-doWn n-channel transistor 15 
and an output inverter formed by a p-channel transistor 11 
and an n-channel transistor 12. The output inverter pulls up 
output node 17 during evaluation and pulls doWn output 
node 17 When dynamic node 16 is being precharged high 
through a p-channel transistor 14 during reset. Half-latch 
p-channel transistor 13 ensures that dynamic node 16 may 
not be discharged through leakage currents after transistor 
14 has been turned off and prior to data arriving at input node 
18. Because it is typically desirable to have the forWard 
evaluation path to be fast and the reset path to 30 be 
relatively sloW, it is therefore a common practice to reduce 
the siZe of transistor 12 of the output inverter in order to 
reduce the loading of transistor 15. This same methodology 
can also be applied to the design of a compound domino 
logic circuit. 
With reference noW to FIG. 2, there is illustrated a circuit 

diagram of a compound domino logic circuit of a 12-input 
AND function, in accordance With the prior art. As shoWn, 
compound domino logic circuit 20 s depicts three sets of 
four-input n-tree structure. The ?rst set of n-tree structure 
includes n-channel transistors 21a—24a, the second set of 
n-tree structure includes n-channel transistors 21b—24b, and 
the third set of n-tree structure includes n-channel transistors 
21c—24c. 

Each set of n-tree structures is connected to its respective 
dynamic node. For the ?rst set, the dynamic node is node 
29a, the precharge device is a p-channel transistor 27a, and 
the half-latch is a p-channel transistor 28a. Notice that a 
feedback inverter, formed by a p-channel transistor 25a and 
an n-channel transistor 26a, is speci?cally provided for 
driving transistor 28a. As for the second set, the dynamic 
node is node 29b, the precharge device is a p-channel 
transistor 27b, and the half-latch is a p-channel transistor 
28b. Afeedback inverter, formed by p-channel transistor 25b 
and n-channel transistor 26b, is provided to drive transistor 
28b. Finally, the dynamic node for the third set is node 29c, 
the precharge device is a p-channel transistor 27c, and the 
half-latch is a p-channel transistor 28c. A feedback inverter, 
formed by p-channel transistor 25c and n-channel transistor 
26c, is provided to drive transistor 28c. Dynamic nodes 
29a—29c are also coupled to a compound NOR output Which 
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includes stacked p-channel transistors 30—32 connected in 
series and n-channel transistors 33—35 connected in parallel. 

For reason stated previously, n-channel transistors 33—35 
in the compound NOR output are typically kept small 
enough in order to increase the performance of compound 
domino logic circuit 20. If, hoWever, the compound NOR 
output must drive a similar load as single output domino 
logic circuit 10 shoWn in FIG. 1, the strength of stacked 
p-channel transistors 30—32 must be equivalent to single 
p-channel transistor 11 in domino logic circuit 10. This 
implies that each of stacked p-channel transistors 30—32 
must be three times as large as p-channel transistor 11 in 
domino logic circuit 10. For example, if the Width of 
p-channel transistor 11 is 20 pm, then the Width of each of 
stacked p-channel transistors 30—32 is 60 pm. These rela 
tively large p-channel transistors 30—32 in a stacked con 
?guration may cause a charge sharing problem at the nodes 
betWeen the transistors. As a result of the charge sharing 
problem, some level of noise Will be introduced at the output 
of the compound domino logic circuit, Which is not deemed 
desirable to a subsequent circuit coupled to the output of the 
compound domino logic circuit. 

For the purpose of illustration, several input stimulus such 
as those shoWn in FIG. 4 may be applied to circuit 20. 
Signals in0—3, in4—7 and in8—11 in FIG. 4 represent all four 
inputs to the ?rst set, second set, and third set of n-tree 
structures in FIG. 2, respectively. Initially, clock signal is 
loW (i.e., a logical “0”) and dynamic nodes 29a, 29b, and 29c 
are precharged to high (i.e., a logical “1”) via p-channel 
transistors 28a, 28b, and 28c, respectively. This Will sWitch 
on n-channel transistors 33, 34, and 35; hence the output of 
circuit 20 becomes loW. Then clock signal becomes high, 
and inputs to the ?rst set and the third set of n-tree also 
become high, pulling dynamic node 29a and dynamic node 
29c loW, Which sWitches on transistor 31 and transistor 30. 
Transistor 32 remains off as long as dynamic node 29b is still 
high, and thus the output remains loW. This operation fully 
charges the diffusion capacitance at node 36 and node 37. 

After the evaluation cycle has completed (the output 
remains loW), all input signals sWitch loW again before 
another precharge operation is performed, indicating the 
beginning of a neXt clock cycle. FolloWing the precharge 
operation, only the inputs of the ?rst set and the second set 
of the n-tree become high, pulling dynamic node 29a and 
dynamic node 29b loW, respectively. This sWitches on tran 
sistors 31 and 32 and sWitches off transistors 33 and 34, 
While transistor 30 (off) and transistor 35 (on) remain in their 
respective states. At this point, it is eXpected the output 
signal to stay loW, but in fact a noise glitch occurs at the 
output. This noise glitch is caused by the fully charged nodes 
36 and 37. Because of their relatively large diffusion 
capacitances, nodes 36 and 37 release their charges onto the 
output of dynamic domino logic circuit 20 at this point, 
Which shoW up at the output as noise glitches. Along With the 
poWer supply and coupling noise, this kind of noise glitches 
may be detrimental to the already reduced noise margin of 
dynamic domino logic circuit 20. As a result of the noise 
glitches, a circuit coupled to the output of dynamic logic 
circuit 20 Will most likely sWitch at a non-desirable time. 

Referring noW to FIG. 3, there is illustrated a circuit 
diagram of a compound domino logic circuit of an AND 
structure, in accordance With a preferred embodiment of the 
present invention. Similar to compound domino logic circuit 
30 20 in FIG. 2, compound domino logic circuit 40 also 
depicts three sets of four-input n-tree structure. The ?rst set 
of n-tree structure includes n-channel transistors 41a—44a, 
the second set of n-tree structure includes n-channel tran 
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4 
sistors 41b—44b, and the third set of n-tree structure includes 
n-channel transistors 41c—44c. 

Each set of n-tree structure is connected to a respective 
dynamic node. For the ?rst set, the dynamic node is node 
49a, the precharge device is a p-channel transistor 47a, and 
the half-latch is a p-channel transistor 48a. A feedback 
inverter, formed by p-channel transistor 45a and n-channel 
transistor 46a, is provided for driving transistor 48a. As for 
the second set, the dynamic node is node 49b, the precharge 
device is a p-channel transistor 47b, and the half-latch is a 
p-channel transistor 48b. A feedback inverter, formed by 
p-channel transistor 45b and n-channel transistor 46b, is 
provided to drive transistor 48b. Finally, the dynamic node 
for the third set is node 49c, the precharge device is a 
p-channel transistor 47c, and the half-latch is a p-channel 
transistor 48c. A feedback inverter, formed by p-channel 
transistor 45c and n-channel transistor 46c, is provided to 
drive transistor 48c. Each of dynamic nodes 49a—49c is 
connected to a compound NOR output that includes stacked 
p-channel transistors 50—52 and n-channel transistors 53—55. 
As a preferred embodiment of the present invention, 

n-channel transistors 48 and 49 are added to circuit 40. 
Transistors 48, 49 have small channel Widths or even mini 
mum siZe, if possible. In addition, an input signal sfiVdd is 
connected to the gate of both transistors 48, 49. The sfiVdd 
signal can be implemented With a constant V d d poWer signal 
or an inverted clock signal. When implemented With an 
inverted clock signal, the sfiVdd signal sWitches transistors 
48, 49 on during reset (i.e., When the clock signal is loW), 
Which should completely discharge nodes 46 and 47 
betWeen each evaluation cycle (i.e., When the clock signal is 
high). As a result, the charges placed at nodes 46, 47 during 
the above-mentioned evaluation pattern Will be removed. 
Incidentally, the noise glitches as shoWn in FIG. 4 Will be 
eliminated. 
As an alternative embodiment, transistors 48 and 49 may 

be replaced With p-channel transistors. There may be a small 
speed improvement With p-channel transistors over 
n-channel transistors, at the expense of some loW level of 
output noises. 
As has been described, the present invention provides an 

improved compound domino logic circuit having output 
noise elimination. It should be further understood that this 
invention applies to all compound domino circuits that are 
driving their outputs through tWo or more stacked p-channel 
transistors. 

While the invention has been particularly shoWn and 
described With reference to a preferred embodiment, it Will 
be understood by those skilled in the art that various changes 
in form and detail may be made therein Without departing 
from the spirit and scope of the invention. 
What is claimed is: 
1. A compound domino logic circuit, comprising: 
a ?rst section and a second section of logic devices 

arranged in a parallel con?guration, Wherein each of 
said tWo sections includes: 
a precharge transistor connected to a ?rst reference 

voltage, Wherein said precharge transistor receives a 
clock input signal; 

one or more input transistors coupled betWeen said 
precharge transistor and a second reference voltage, 
Wherein each of said one or more input transistors 
receives a signal input; and 

an output node connected to said precharge transistor 
and at least one of said input transistors; 

an output logic gate connected to each of said output 
nodes of said ?rst and second sections of logic devices 
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to yield a signal output, wherein said output logic gate 
includes a plurality of transistors connected in series; 
and 

an adjustment transistor connected to a node betWeen said 
plurality of transistors directly to said second reference 
voltage such that charges placed at said node betWeen 
said plurality of transistors are removed When said 
adjustment transistor is turned on, Wherein a gate of 
said adjustment transistor is connected to a signal for 
turning on said adjustment transistor, Wherein said 
signal for turning on said adjustment transistor is an 
inverse of said clock input signal. 

2. The domino logic circuit according to claim 1, Wherein 
said ?rst reference voltage is a Vdd poWer signal and said 
second reference voltage is ground. 

3. The domino logic circuit according to claim 2, Wherein 
said precharge transistor is a p-channel transistor. 

4. The domino logic circuit according to claim 2, Wherein 
said input transistors are n-channel transistors. 

5. The domino logic circuit according to claim 2, Wherein 
said plurality of transistors are p-channel transistors. 

6. The domino logic circuit according to claim 1, Wherein 
said adjustment transistor is a p-channel transistor. 

7. The domino logic circuit according to claim 1, Wherein 
said signal for turning on said adjustment transistor is a Vdd 
poWer signal. 

8. The do mino logic circuit according to claim 1, Wherein 
said adjustment transistor is an n-channel transistor. 

9. A method for eliminating a charge sharing problem in 
a compound domino logic circuit, said method comprising 
the step of: 

providing a ?rst section and a second section of logic 
devices arranged in a parallel con?guration, Wherein 
each of said tWo sections includes: 
a precharge transistor connected to a poWer supply, 

Wherein said precharge transistor receives a clock 
input signal; 
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6 
one or more input transistors coupled betWeen said 

precharge transistor and ground, Wherein each of 
said one or more input transistors receives a signal 

input, and 
an output node connected to said precharge transistor 

and at least one of said input transistors; 

connecting an output logic gate to each of said output 
nodes of said ?rst and second sections of logic devices 
to yield a signal output, Wherein said output logic gate 
includes a plurality of transistors connected in series; 
and 

connecting a drain of an adjustment transistor to a node 
betWeen said plurality of transistors directly to ground, 
and connecting a gate of said adjustment transistor to a 
signal for turning on said adjustment transistor such 
that charges placed at said node betWeen said plurality 
of transistors are removed When said adjustment tran 
sistor is turned on, Wherein said signal for turning on 
said adjustment transistor is an inverse of said clock 
input signal. 

10. The method according to claim 9, Wherein said 
precharge transistor is a p-channel transistor. 

11. The method according to claim 9, Wherein said input 
transistors are n-channel transistors. 

12. The method according to claim 9, Wherein said 
plurality of transistors are p-channel transistors. 

13. The method according to claim 9, Wherein said 
adjustment transistor is a p-channel transistor. 

14. The method according to claim 9, Wherein said signal 
for turning on said adjustment transistor is a Vdd poWer 
signal. 

15. The method according to claim 9, Wherein said 
adjustment transistor is an n-channel transistor. 


